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TITLE OF THE INVENTION 

NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY 

BACKGROUND OF THE INVENTION 

There has recently been a rapid advancement in 
realization of small » lightweight and cordless electronic 
applicinces such as personal computers and portable telephones. 
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Jj^j; leading to a high demand for secondcury batteries having a high 

energy density as power sources for these appliances. Among 

''I 

J. them, a non-aqueous electrolyte secondary battery containing 

lithium as an active material has been expected greatly to be 
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riii a battery having a high voltage and high energy density. This 

B 

rj| battery conventionally comprised a negative electrode using 

metal lithium cind a positive electrode using molybdenum 
disulfide, meinganese dioxide, vanadium pent oxide or the like, 
to be a 3V- level battery. 

In the case that metal lithium is used for the 
negative electrode, however, there is a problem that dendritic 
lithium deposits on the electrode plate during chcirging and is 
accumulated thereon as the charging and discharging eire 
repeated, the accumulated dendritic lithium being isolated, 
floating in the electrolyte and coming into contact with the 
positive electrode to incur a minor short. This results in a 
short cycle life as charge and discharge efficiency of the 
battery falls. And there is another problem in terms of 
safety since dendritic lithium has a large surface area and 



thus has the high reaction activity. 

In order to solve these problems, vigorous studies 
have been done in recent years on a lithium- ion secondary 
battery in which a carbon material is used for the negative 
electrode in place of metal lithium, and a lithium- containing 
transition metal oxide having a 4V-level potential against 
lithium such as LiCo02, LiNi02 or LiMn204, is used for the 
positive electrode, the battery having already been 
commercialized. In this battery, lithium is in the state of 
being absorbed as ions in the carbon material in the negative 
electrode. This prevents the deposition of dendritic lithiumi, 
which was observed on the conventional negative electrode 
using metal lithiuum, and thus enables the battery to ensure 
extremely high reliability in safety. 

As thus described, the characteristics of the 
positive electrode and the negative electrode are of 
importance in a non-aqueous electrolyte secondary battery, 
pcorticularly in a lithium- ion secondeury battery. And further, 
if satisfactory characteristics are to be obtained, the 
characteristic of a non-aqueous electrolyte transferring 
lithium ions is also of importance. A non-aqueous solvent 
composing this non-aqueous electrolyte is usually a 
combination of a solvent having a large dielectric constant 
which facilitates dissolution of a solute and a solvent having 
low viscosity. 

The reason for the combination is as follows: 



The solvent having a large dielectric constant has 
high viscosity and thus transfers ions very slowly. Then a 
solvent having low viscosity is also used so as to enhance 
capability of transferring ions. For example, a cyclic 
carbonic acid ester, which is the solvent having a large 
dielectric constant, such as ethylene ccorbonate, and a linear 
carbonic acid ester, which is the solvent having low viscosity, 
such as dimethyl ceirbonate, diethyl carbonate or ethylmethyl 
carbonate are mixed to obtain an electrolyte having high 
conductivity, which has hitherto been in general use. Because 
ethylene carbonate has a solidifying point of as high as 
ciround 38 *C, when it is singly used, the solidifying point may 
go down to around 0 *C at the lowest even with the 
consideration of the freezing point depression due to the 
solute dissolved therein. As described above, therefore, 
ethylene ceirbonate is mixed with the solvent having low 
viscosity as well as a low solidifying point to ensure low 
temperature characteristics. Under the present circumstances, 
however, even the mixed solvent cannot ensure sufficient low 
temperature characteristics since no small effect of ethylene 
Ceirbonate on the low temperature characteristics remains. 

Thereupon, an electrolyte using a lactone- type 
solvent, which is a cyclic carboxylic acid ester, has been 
proposed (in Japanese Laid-Open Patent Publication No. Hei 
11-097062). This is a very preferable solvent for the 
lithium- ion secondary battery as having a solidifying point of 



as low as -45 while having a Icirge dielectric constant. 

However , 7 - butyrolac t one , one of lactone - type 
solvents, has a drawback of being prone to reductively 
decomposed on the negative electrode, which leads to 
generation of a large amoiint of decomposition gas in the 
battery. In order to suppress the reductive decomposition of 
T -butyrolactone on the negative electrode, a battery has been 
studied in which vinylene carbonate, known as an additive to 
form a film on a negative electrode, is added to ein 
electrolyte containing T -butyrolactone . But this battery 
exhibits significant deterioration in charge and discharge 
characteristics when exposed to a high temperature over a 
period of time. This is presumably because the decomposition 
of vinylene carbonate on the negative electrode is accelerated 
by heat to form an excessive film on the negative electrode. 
That is, the excessive film inhibits the smooth intercalation 
and deintercalation of lithium ions into cind from the negative 
electrode , resulting in signif Iccuxt deterioration of charge 
and discharge chcuracteristics of the battery after exposure of 
the battery to a high temperature over a period of time. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is to provide a non-aqueous 
electrolyte secondary battery in which the above-mentioned 
problems are solved, having excellent charge and discharge 
characteristics, particularly at a low temperature, and 



showing satisfactory charge and discharge characteristics even 
after being exposed to a high temperatxire over a period of 
time. 

As trying to solve the above-mentioned problems, the 
inventors of the present invention diligently studied, to find 
that by making a cyclic ccirbonic acid ester having no carbon - 
carbon unsaturated bond (C) contained in an electrolyte 
comprising a cyclic carboxylic acid ester (A) represented by a 
lactone-type solvent and a cyclic carbonic acid ester having 
at least one carbon -carbon unsaturated bond (B) , obtained is a 
non-agueous electrolyte having excellent charge cmd discharge 
characteristics at a low temperature and exerting satisfactory 
cheurge and discharge characteristics even after the battery is 
exposed to a high temperature over a period of time. 

The following eure the reasons for the excellent 
battery cheiracteristics of the above-mentioned non-aqueous 
electrolyte : 

The cyclic carbonic acid ester having at lest one 
carbon-carbon unsaturated bond (B) occurs a chain reaction on 
the negative electrode, as the unsaturated bond part is prone 
to be polymerized, and rapidly forms a close and strong film. 
This film serves as a physical barrier inhibiting contact of 
solvent molecules around lithium ions with the negative 
electrode, suppressing the reductive decomposition of the 
cyclic carboxylic acid ester on the negative electrode. 

However, in the case that a battery, produced using 



the electrolyte comprising a cyclic carboxylic acid ester (A) 
and a cyclic ceirbonic acid ester having a carbon -ccirbon 
iinsaturated bond (B), is exposed to a high temperature over a 
period of time, the decomposition of the cyclic carbonic acid 
ester having at least one ceirbon- carbon iinsaturated bond (B) 
on the negative electrode is accelerated by heat, as described 
above, forming an excessive film on the negative electrode. 
As a result, lithium ions are not smoothly intercalated into 
and deintercalated from the negative electrode , thereby 
raising a problem that the cheirge and discharge 
characteristics of the battery cire significantly deteriorated. 

Further containment of the cyclic carbonic acid 
ester having no carbon -ceirbon unsaturated bond (c) in the 
electrolyte then allows suppression of the excessive 
polymerization of the cyclic ceorbonic acid ester having at 
least one carbon-carbon unsaturated bond (B) under a high 
temperature condition. A cyclic carbonic acid ester having no 
carbon -carbon unsaturated bond (c) such as ethylene ceurbonate 
or propylene carbonate is also reductively decomposed and 
forms a film derived from the decomposed product on the 
negative electrode, like a cyclic carbonic acid ester having a 
ccorbon- carbon unsaturated bond (B) such as vinylene carbonate. 
However, the formation of the film by ethylene carbonate or 
propylene carbonate is much slower than vinylene carbonate or 
the like, since ethylene carbonate and propylene carbonate 
have no carbon-carbon unsaturated bond. 



In the case that ethylene carbonate or propylene 
carbonate is bonded to the intermediate produced by the 
polymerization of vinylene carbonate in the halfway through 
the chain reaction of vinylene ceurbonate, the reactivity of 
the part bonded with ethylene carbonate or propylene carbonate 
becomes very low at the end of the intemediate, which 
suppresses the excessive polymerization of vinylene carbonate 
under a high temperatirre condition. This results in 
realization of a battery having satisfactory charge and 
discharge characteristics even after exposure of the battery 
to a high temperature over a period of time. 

The present invention relates to a non- aqueous 
electrolyte secondary battery comprising a positive electrode, 
a negative electrode and a non- aqueous electrolyte, wherein 
the non-aqueous electrolyte comprises a non-aqueous solvent 
and a solute dissolved in the non-aqueous solvent, and the 
non-aqueous solvent comprises (A) a cyclic carboxylic acid 
ester, (B) a cyclic carbonic acid ester having at least one 
ccurbon- carbon unsaturated bond and (C) a cyclic carbonic acid 
ester having no carbon-carbon unsaturated bond. 

It is preferable that the cyclic carboxylic acid 
ester (A) is at least one selected from the group consisting 
of 7 -butyrolactone and a derivative of T -butyrolactone 
represented by the formula ( 1 ) : 
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where R to R are, independently, a hydrogen atom, 
a halogen atom, an alkyl group having 1 to 6 carbon atoms, or 
an acetyl group having 1 to 6 ceirbon atoms. 

It is preferable that the derivative of T- 
butyrolactone is T - valerolactone . 

It is preferable that the cyclic Ccurbonic acid ester 
having at least one carbon-carbon unsaturated bond (B) is at 
least one selected from the group consisting of vinylene 
carbonate, vinylethylene carbonate and divinylethylene 
carbonate . 

It is preferable that the cyclic carbonic acid ester 
having no carbon- carbon unsaturated bond (C) is at least one 
selected from the group consisting of propylene ceirbonate, 
ethylene carbonate and butylene carbonate. 

It is preferable that the cyclic carboxylic acid 
ester (A) is at least one selected from the group consisting 
of r -butyrolactone and 7 - valerolactone , the cyclic ceirbonic 
acid ester having at least one carbon-carbon unsaturated bond 
(B) is at least one selected from the group consisting of 
vinylene carbonate, vinylethylene carbonate and 



divinylethylene carbonate, and the cyclic carbonic acid ester 
having no carbon-carbon unsaturated bond (C) is at least one 
selected from the group consisting of propylene carbonate and 
ethylene carbonate. 

It is also preferable that for the cyclic carbonic 
acid ester having at least one carbon-carbon unsaturated bond 
(B), both vinylene carbonate and vinylethylene carbonate are 
used . 

The above-mentioned non-aqueous solvent can further 
comprise a linear carbonic acid ester (D) . 

It is preferable that the linear carbonic acid ester 
(D) is at least one selected from the group consisting of 
dimethyl carbonate, ethylmethyl carbonate and diethyl 
carbonate . 

The above-mentioned non-agueous solvent can further 
comprise a glime ( E ) . 

It is preferable that the glime (E) is at least one 
selected from the group consisting of diglime, triglime and 
tetraglime. 

In the non-aqueous electrolyte secondary battery of 
the present invention, it is preferable that the positive 
electrode comprises a lithium- containing transition metal 
oxide and the negative electrode comprises graphite. 

It is preferable that the lithium- containing 
transition metal oxide is represented by the formula: 

Lia ( Coi-x-yMgxMy ) bOc 
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where M is at least one selected from the group 
consisting of Mn, Ni, Y, Yb, Ca, Al, Ti^ Cu, Zn, Sr and Ba, 
O^a^l.05, 0.005^x^0.15, O^y^O.25, 0.85^b^l.l and 
1.8^c^2.1. 

It is preferable that for the solute, both LiPFe and 
LiBF4 are used. 

The above-mentioned non- aqueous solvent can further 
comprise a derivative of benzene comprising a phenyl group and 
a cyclic compound group contiguous to the phenyl group. 

It is preferable that the derivative of benzene is 
at least one selected from the group consisting of 
cyclohexylbenzene , biphenyl, derivatives of benzene having a 
lactone group and diphenyl eter. 

While the novel featixres of the invention ajCB set 
forth particularly in the apipended claims, the invention, both 
as to organization and content, will be better understood and 
appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction 
with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a front view of the cylindrical lithium- 
ion secondary battery used in the examples of the present 
invention, showing a vertical sectional view in the right -half 
portion . 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a non-aqueous 
electrolyte secondary battery- More specifically; the present 
invention relates to improvement in a solvent of a non-aqueous 
electrolyte, aJjned particularly at improving charge and 
discharge chciracteristics under a low temperature condition of 
a non- aqueous electrolyte secondary battery. 

The non-aqueous electrolyte secondary battery in 
accordance with the present invention comprises therein the 
non-aqueous electrolyte comprising a non- aqueous solvent and a 
solute, where the non-aqueous solvent comprises a cyclic 
carboxylic acid ester (A) having a large dielectric constant 
and capability of transferring ions, a cyclic carbonic acid 
ester having at least one carbon -ceirbon unsaturated bond (B) 
and a cyclic carbonic acid ester having no Ccurbon- carbon 
unsaturated bond { C ) . 

The exemplcury cyclic carboxylic acid esters (A) may 
include r -butyrolactone ( GBL ) , T - valerolactone ( GVL ) , a- 
acetyl- r -butyrolactone , a -methyl- r -butyrolactone , iS -methyl - 
r -butyrolactone , a -angelica lactone , a -methylene- r - 
butyrolactone , r -hexcinolactone , T -nonanolactone , T - 
octanolactone and T -methyl- r -decanolact one. They may be used 
singly or in combination of two or more of them. 

The exemplary cyclic carbonic acid esters having at 
least one carbon -carbon unsaturated bond (B) may include 
vinylene carbonate (VC): 
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as well as 3-metliylvinylene carbonate, 3, 4-dimethylvinylene 
carbonate, 3-ethylvinylene carbonate, 3 , 4-cliettiylv±nylene 
carbonate, 3- propyl vinylene carbonate, 3, 4-cLLpropylvinylene 
carbonate, 3-phenylvinylene ceirbonate, 3, 4-diplienylv±nylene 
carbonate, vinylethylene carbonate (VEC) and divlnyletbylene 
carbonate (DVEC) . They may be used singly or in combination 
of two or more of them. One or more of hydrogen atoms of 
these compounds may be replaced with fluorine atoms. The use 
of both vinylene carbonate and vinylethylene carl&onate is 
pcurticulcirly preferred as vinylethylene carbonate suppresses 
the reaction activity of vinylene carbonate at a high 
temperature to improve storage characteristics of the battery 
at a high temperature. 

The exemplary cyclic carbonic acid esters having no 
carbon -ccurbon unsaturated bond (C) may include propylene 
carbonate (PC), ethylene carbonate (EC) and butylene carbonate 
(BC). They may be used singly or in combination of two or 
more of them. One or more of hydrogen atoms of these 
compounds may be replaced with fluorine atoms. 

The content of the cyclic carboxylic acid ester (A) 
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is preferably from not less than 10% to not more than 97% by 
voltune in the total volume of the non-aqueous solvent. 

The content of the cyclic carbonic acid ester having 
at least one carbon -carbon unsaturated bond (B) is preferably 
from not less than 0.5% to not more than 20% by volume in the 
total volume of the non-agueous solvent. 

The content of the cyclic carbonic acid ester having 
no ccorbon- carbon unsaturated bond (C) is preferably 40% by 
volume or less, more preferably from not less than 0.1% to not 
more than 30% by volume, and most preferably from not less 
than 0.1% to not more than 20% by volume in the total volume 
of the non-ac[ueous solvent. 

The non-aqueous solvent can further comprise a 
linear carbonic acid ester (D). When the linear ceurbonic acid 
ester (D) is contained in the non- aqueous solvent, the 
viscosity of the non-aqueous electrolyte is lowered, enabling 
further improvement in the charge and discharge 
characteristics at a low temperature. 

The exemplary linear ccirbonic acid esters (D) may 
include dimethyl carbonate (DMC) , ethylmethyl carbonate (EMC) 
and diethyl carbonate (DEC). They may be used singly or in 
combination of two or more of them. 

The content of the linear carbonic acid ester (D) is 
preferably 50% by volimie or less, more preferably from not 
less thcui 0.1% to not more than 30% by volume, cind most 
preferably from not less than 0.1% to not more than 20% by 
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volvune in the total volvime of the non-aqueous solvent. 

The non- aqueous solvent can further comprise a glime 
(E). The exemplary gllmes (E) may include diglime, triglime 
and tetraglime. They may be used singly or in combination of 
two or more of them. 

The content of the glime (E) is preferably 20% by 
volume or less in the total volume of the non- aqueous solvent. 

Moreover, it is effective to add a derivative of 
benzene (F), conventionally well known for being decomposed in 
overcharging to form a film on the electrode and make the 
battery inert, to the non-aqueous solvent in accordance with 
the present invention. 

It is preferable to use at least one derivative of 
benzene (F) comprising a phenyl group and a cyclic compound 
group contiguous to the phenyl group. 

The cyclic compound is preferably a phenyl group, 
cycloether group, cycloester group, cycloalkyl group, phenoxy 
group or the like. 

The exemplary derivatives of benzene (F) include 
cyclohexyl benzene, biphenyl, a derivative having a lactone 
group, diphenyl eter and the like. They may be used singly or 
in combination of two or more of them. The content of the 
derivative of benzene (F) is 10% by volxame or less in the 
total volume of the non-aqueous solvent. 

The solute dissolved in the non-aqueous solvent is 
not particularly limited in the present invention, and any one 
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of conventional solutes used for non-aqueous electrolyte 
secondary batteries can be applied. To be specif ic , used may 
be LiC104, LiAsFe, LiPFg, LiBF4, LiCFaSOa, LiN(CF3S02)2. 
LiN(C2F5S02)2, LiN(CF3S02)(C4F9S02), LiB[C6F3(CF3)2-3 , 5]4, 
LiPFa(CbF2b+i)6-a where a is cui integer of 1 to 5 and b is an 
integer not smaller than 1, LiPFc(CdF2d+iS02)6-c where c is cin 
integer of 1 to 5 and d is an integer not smaller than 1, 
LiBFe(CfF2f+i)4-e Where e is an integer of 1 to 3 and f is an 
integer not smaller than 1, LiBFg(ChF2h+iS02)4-g where g is an 
integer of 1 to 3 and h is an integer not smaller than 1 . 
They may be used singly or in combination of two or more of 
them. 

Among them, the use of both LiPFe and LiBF4 is 
particularly preferred. LiPFe is excellent in electrical 
characteristics but chemically unstable as it produces 
hydrofluoric acid. The cyclic carboxylic acid ester (A) 
composing the electrolyte in accordcince with the present 
invention, in particular, is prone to be decomposed by 
hydrofluoric acid, thereby, for example, possibly 
deteriorating cycle characteristics of the battery. 

Likewise, in the case that only LiBF4 is used, cycle 
characteristics of the battery is deteriorated because the 
degree of electrolytic dissociation of LiBF4 is small or the 
film formed on the surface of the negative electrode 
comprising graphite is weak. 

On the other hand, the use of both LiPFe and LiBF4 




improves cycle characteristics of the battery. Although this 
effect brought about by adding LiBF4 can be obtained even when 
the amount thereof is small, the preferable content of LiBF4 
is 10% by mole or more of the total amount of the solute. The 
preferable content of LiPFs is 2% by mole or more of the total 
amount of the solute. 

The concentration of the solute in the non- aqueous 
electrolyte is preferably from not less than 0.8 mol/1 to not 
more than 2.5 mol/1. 

To the positive electrode and the positive electrode 
of the battery for which the above-mentioned non-aqueous 
electrolyte is used, one normally used for this kind of non- 
aqueous electrolyte secondary battery can be applied. 

The preferable positive electrode material is one 
mainly comprising a composite oxide containing lithium and one 
or more of transition metals, i.e. a lithium- containing 
transition metal oxide, from the aspect of increasing a 
battery capacity and energy density. For example, suitable is 
an active material mainly comprising the lithium- containing 
transition metal oxide represented by the formula LixMOa where 
M represents one or more of transition metals, x varies 
depending on the chcirged or dischcirged state of a battery, and 
normally 0.05^x^1.10. In this LixMOa, the transition metal M 
is preferably at least one of Co, Ni and Mn. LixMn204 may also 
be used as the lithium- containing transition metal oxide. 

For the positive electrode material, in particular. 
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a lithixim- containing transition metal oxide represented by 
Lia(Coi-x-^gxMy)bOc where M is at least one selected from the 
group consisting of Mn, Ni, Y, Yb, Ca, Al, Ti, Cu, Zn, Sr and 
Ba, O^a^l.05, 0.005^x^0.15, O^y^O.25, 0.85^b^l.l and 1.8 
^c^2.1, is preferably used in terms of improving electron 
conductivity of the active material. However, the use of the 
conventional electrolyte mainly comprising the cyclic carbonic 
acid ester and the linear carbonic acid ester combined with 
Lia(Coi_x-^gxMy)bOc has a drawback that the non- aqueous solvent 
and the active material are readily reacted with each other 
because the reactivity of active material is increased. On 
the contrary, the use of the electrolyte in accordance with 
the present invention improves the cycle characteristics of 
the battery. The reason for this is unclear, but it is 
presumably because a stable film is formed on the surface of 
the positive electrode as well which suppresses the 
decomposition of the electrolyte. 

The above-mentioned lithium- containing transition 
metal oxide Lia{Coi.x-yMgxMy)bOc can be obtained by calcinating a 
lithium salt, a magnesium salt, a salt of metal M and a cobalt 
salt under an oxidation atmosphere at a high temperature. The 
following materials may be used for synthesizing the positive 
electrode active material: 

As the lithium salt, lithium carbonate, lithium 
hydroxide, lithium nitrate, lithium sulfate, lithium oxide or 
the like may be used. 




As the magnesium salt, magnesium oxide, basic 
magnesium carbonate, magnesium chloride, magnesium fluoride, 
magnesium nitrate, magnesium sulfate, magnesium acetate, 
magnesium oxalate, magnesium sulfide, magnesium hydroxide or 
the like may be used. 

Similarly, as the salt of metal M, conventionally 
available ones may be suitably used. 

As the cobalt salt, cobalt oxide, cobalt hydroxide 
or the like may be used. 

The lithium- containing transition metal oxide can 
also be obtained by a co- precipitation method including 
synthesizing cobalt hydroxide containing Mg and a metal 
element M, mixing the cobalt hydroxide with a lithium salt and 
calcinating the resultant mixture. 

To a negative electrode material, metal lithium and 
a material capable of intercalating and deintercalating 
lithium may be applied. The exemplary materials capable of 
intercalating and deintercalating lithitmi may include: carbon 
material such as a thermally decomposed carbon, cokes (pitch 
coke, needle coke and oil coke), graphite, a glassy carbon, a 
calcined matter of an organic polymer compound obtained by 
calcinating a phenol resin, a furane resin or the like at an 
arbitrary temperature and carbonizing it, a carbon fiber and 
an activated carbon; polymers such as polyacetylene , 
polypyrrole and polyacene; a lithium- containing transition 
metal oxide such Li4/3Ti5/304; and a transition metal sulfide 




such as T1S2. The carbon material is particularly suitable 
among them, and, for example, when graphite having a structure 
in which the spacing between (002) lattice planes is 0.340 nm 
or less is used, the energy density of the battery is improved. 

The positive electrode material as thus described is 
kneaded with, for example, a binder and a conductive agent to 
be processed into the electrode plate. And the negative 
electrode material is kneaded with, for example, a binder to 
be processed into the electrode plate. As the binder and 
conductive agent to be kneaded, any of conventionally used 
ones can be applied. 

The shapes applicable for the battery including 
Icirge types in accordance with the present invention are 
cylindrical, square, coin, button, and the like. The forms of . 
the positive electrode and the negative electrode may be 
changed depending on the applied shape of the battery. 

The examples of the present invention will be 
described as follows with reference to the drawings: 

Example 1 

Fig. 1 shows a front view of a cylindrical non- 
aqueous electrolyte secondary battery having a diameter of 18 
mm and a height of 65 mm, showing a vertical sectional view in 
the right -half portion. This battery was produced in the 
example in the following meinner: 

Via a separator 1, a band-like positive electrode 
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plate 2 and a negative electrode plate 3 were spirally rolled 
up to form an electrode plate assembly. A positive electrode 
lead plate 4 made of aluminiun and a negative electrode lead 
plate 5 made of nickel were respectively welded to the 
positive electrode plate 2 and the negative electrode plate 3. 
A lower insulating plate 6 made of a polyethylene resin was 
fixed on the bottom of the electrode plate assembly, which was 
accommodated in a battery case 7 made of iron with the inner 
surface thereof nickel -plated, and the other end of the 
negative electrode lead plate 5 was spot -welded to the inner 
bottom surface of the battery case 7. After an upper 
insulating plate 8 made of a polyethylene resin was mounted on 
the upper surface of the electrode plate assembly, a groove 
was provided in a given position close to the opening of the 
battery case 7 , and a given amount of the non-aqueous 
electrolyte was poured into the battery case 7 and immersed in 
the electrode plate assembly. A sealing plate 10 made of 
stainless steel, provided with a gasket 9 made of a 
polypropylene resin in the circumference thereof, was prepared. 
The other end of the positive electrode lead plate 4 was spot- 
welded to the lower surface of the sealing plate 10 , which was 
subsequently fixed to the opening of the battery case 7 via 
the gasket 9, and the opening edge of the battery case 7 was 
crimped to the gasket 9 to complete the battery. 

The positive electrode plate 2 was produced in the 
following manner: 
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Li2C03 and C03O4 were mixed and the mixture was 
calcinated at 900 °C for 10 hours to synthesize LiCoOa. 3 
pctrts by weight of acetylene black as a conductive agent, 7 
parts by weight of polytetraf luoroethylene as a binder, and 
100 parts by weight of an aqueous solution containing lwt% of 
carboxymethyl cellulose were mixed with 100 peirts by weight of 
LiCoOz. The resultant mixture was then stirred to be mixed so 
as to give a positive electrode material mixture paste. The 
obtained positive electrode material mixture paste was applied 
onto both surfaces of an aluminum foil having a thickness of 
30 pm serving as a current collector, dried and rolled by 
pressure with a roller, and which was then cut into a 
predetermined size to give a positive electrode plate 2 . 

The negative electrode plate 3 was produced in the 
following manner: 

100 parts by weight of flake graphite pulverized and 
classified to have an mean particle size of about 20 pm, and 3 
parts by weight of styrene-butadiene rubber as a binder were 
mixed, and the mixture was further added with 100 parts by 
weight of cin aqueous solution containing lwt% of carboxymethyl 
cellulose. The resultant mixture was then stirred to be mixed 
so as to give a negative electrode material mixture paste. 
The obtained negative electrode material mixture paste was 
applied onto both surfaces of a copper foil having a thiclcness 
of 20 pm serving as a current collector, dried and rolled by 
pressure with a roller, which was then cut into a 
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predetermined size to give a negative electrode plate 3 . 

The band- like positive electrode 2 and negative 
electrode 3 as thus produced, and a separator 1 of a 
microporous film made of a polyethylene resin having a 
thickness of 25 pm were used to form the above-mentioned 
electrode plate assembly. 

The respective non-aqpieous electrolytes, the 
compositions of which were shown in Table 1, were used to 
produce the batteries lA to 22A of Example 1 of the present 
invention. In Table 1, the volume ratio of ethylmethyl 
carbonate and T -but yrolac tone (EMC/GBL) for the batteries 5A 
to 8A was 1:1, and the volume ratio of dimethyl ceirbonate euid 
r -butyrolactone (DMC/GBL) for the batteries 9A to 12A was 1: 
In the non- aqueous solvent of the batteries lA to 22A of this 
example, 2% by volume of vinylene carbonate (VC) and 1% by 
volume of propylene carbonate (PC) or ethylene carbonate (EC) 
were contained. The concentration of the solute in the 
respective electrolytes was 1.25 mol/1. 
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1.25 


L25 


1.25 


Solute 




a 




PC 




PC 


P- 


PC 


CO 


PC 


PL 


PC 


PC 

;^ 


m 


CC 


PC 


hj 


a 


Pt. 

PC 


TP 


PC 


Pu 

PC 


Linear carbonic 
acid ester (D) 










EMC 48.5Vol% 


EMC48.5Vol% 


EMC48.5Vol% 


EMC48.5Vol% 


DMC48.5Vol% 


DMC48.5Vol% 


DMC 48.5Vol% 


DMC48.5Vol% 






















Cyclic carbonic 
acid ester (C) 


PC lVol% 


PC lVol% 


EC lVol% 


EC lVol% 


PC lVol% 


PC lVol% 


EClVol% 


EClVol% 


PC lVol% 


PC lVol% 


EC lVol% 


EC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


PC lVol% 


Cyclic carbonic 
acid ester (B) 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC 2vol% 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC2vol% 


VC2vol% 


VC 2vol% 


VC2vol% 


vp 
> 

b 
> 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC 2vol% 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC 2vol% 1 


Cyclic carboxylic 
acid ester (A) 


GBL97Vol% 


GBL97Vol% 


GBL97Vol% 


GBL97Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


GBL48.5Vol% 


r -valerolactone 97Vol% 


a -acetyl- r "butyrolactone 97Vol% 


a -methyl- r -butyrolactone 97Vol% 


vp 

B 

o 

1—4 

P 

oa. 


a -angelica lactone 97Vol% 


a -methylene- r -butyrolactone 


r -hexanolactone 97Vol% 


a 
S 

'o 

c 

CO 

o 
p 


r-octanolactone 97Vol% 


r -methyl- 7 -decanolactone 97Vol% 


Battery 


<; 

r-H 


2A 


3A 


4A 


5A 


V9 


7A 


8A 


9A 


lOA 


< 


12A 


13A 




15A 


16A 


17A 


18A 


19A 


20A 


21A 


1 22A 1 
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Table 1 
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Compaxative Example 1 

Comparative batteries IB to 12B were produced in the 
same manner as in Example 1, except that the respective non- 
aqueous electrolytes, the compositions of which were shown in 
Table 2, were used. 

In Table 2, the volume ratio of ethylene carbonate 
and ethylmethyl carbonate (EC/EMC) for the comparative 
batteries 3B and 4B was 1:3* In the non-aqueous solvent of 
the con^curative batteries 7B cuid 8B, 2% by volume of vinylene 
carbonate (VC) was contained. In the non-aqueous solvent of 
the comparative batteries 9B to 12B, 1% by volume of propylene 
carbonate (PC) or ethylene carbonate (EC) was contained. The 
concentration of the solute in the respective electrolytes was 
1.25 mol/1. 
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Table 2 



Solute Concentration 
(mol/l) 


01 


10 


10 
<M 


in 


<M 




(M 


in 

(M 


»n 
01 


m 


in 

(M 


in 

CM 


Solute 


LiPFe 




CO 








S 




a 


a 


a 




Linear carbonic 
acid ester (D) 






EMC75Vol% 


EMC 75Vol% 


















Cyclic carbonic 
acid ester (C) 


EC 100Vol% 


EC 100Vol% 


EC 25Vol% 


EC25Vol% 










EC lVol% 


EC lVol% 


PC lVol% 


PClVol% 


Cyclic carbonic 
acid ester (B) 














VC 2Vol% 


VC2Vol% 










Cyclic carboxylic 
acid ester (A) 










GBL 100Vol% 


GBL 100Vol% 


GBL98Vol% 


GBL98Vol% 


GBL99Vol% 


GBL99Vol% 


GBL99Vol% 


GBL99Vol% 


Battery 


CQ 

1—4 


2B 


3B 


4B 


5B 


PQ 


7B 


8B 


9B 


PQ 
0 

f-H 


PQ 

T-H 

»— 1 


1 12B 
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Evaluation of Batteries Part 1 
( i ) Amount of Gas: 

The batteries lA to 22A of Example 1 euid the 
batteries IB to 12B of Comparative Example 1 were charged and 
discharged at a constant current of 300mA at an ambient 
temperature of 20 *C, with the final voltage for the charging 
of 4.1 V and the final voltage for the discharging of 3.0 V. 
The above charge and discharge cycle was repeated 3 times. 
Then, the amount of gas generated in the batteries after 3 
cycles were measured. The results were shown in Table 3. 

( ii ) Capacity maintencince rate under a low temperature 
condition : 

The charge characteristics of the batteries under a 
low temperature condition were compeared. The batteries were 
charged at a constant current and voltage in the test 
condition that a fixed ambient temperature was 20 *C, a fixed 
ceiling voltage was 4.2 V, a maximimi current was 1050 mA and 
the charging lasted 2.5 hours. The batteries thus charged 
were subsequently discharged at a discharge current of 1500 mA 
at ambient temperatures of 20*0 or -20*C until the voltage 
reached 3.0 V. A rate of the discharge capacity measured at - 
20 to the discharge capacity measured at 20 *C in each 
battery was calculated by percentage (%) , and it was taken as a 
capacity maintenance rate under a low temperature condition. 
The results were shown in Table 3. 

(iii) Capacity maintenance rate after storage at a high 
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temperature : 

After the batteries in the charged state were stood 
still at a temperature of 85 *C for 72 hours, the discharge 
characteristics of the batteries were compared. In this test, 
the batteries were cheurged at a constant current and voltage 
in the test condition that a fixed ambient temperature was 
20 a fixed ceiling voltage was 4.2 V, a maximum current was 
1050 mA cind the charging lasted 2.5 hours. The batteries thus 
charged were subsequently discharged at a discharge current of 
1500 mV at an ambient temperature of 20 *C until the voltage 
reached 3.0 V. The discharge capacity of the batteries at 
20 *C were measured before cind after the batteries were stood 
still at 85 °C, and in each battery a rate of the discharge 
capacity cLfter the battery was stood still to that before the 
battery was stood still was calculated by percentage(%) , and 
it was taken as a capacity maintenance rate after storage at a 
high temperature. The results were shown in Table 3. 




Table 3 



Battery 


Gas amount 
(ml) 


Capacity maintenance rate 
under a low temperature 
condition (%) 


Capacity maintenance rate 
after storage at a high 
temperature (%) 


lA 


1.2 


75 


87 


2A 


1.3 


73 


84 


3A 


1.1 


71 


85 


4A 


1.3 


70 


85 


5A 


1.5 


78 


89 


6A 


1.6 


76 


87 


7A 


1.6 


78 


86 


8A 


1.7 


76 


86 


9A 


1.9 


80 


89 


lOA 


1.8 


79 


88 


llA 


1.9 


78 


89 


12A 


1.7 


72 


88 


13A 


1,6 


73 


83 


14A 


1.4 


70 


82 


15A 


1.7 


73 


84 


16A 


1.4 


71 


80 


1 7A 


1.3 


74 


81 


18A 


1.8 


72 


82 


19A 


1.5 


75 


82 


20A 


1.3 


71 


83 


21A 


1.7 


73 


81 


22A 


1.4 


72 


80 


IB 


1.6 


Electrolyte froze 


65 


2B 


1.7 


Electrolyte froze 


60 


3B 


3.8 


35 


79 


4B 


3.9 


32 


67 


5B 


21.0 


25 


5 


6B 


28.0 


22 


5 


7B 


1.8 


72 


34 


8B 


1.9 


70 


35 


9B 


16.0 


31 


7 


lOB 


18.0 


30 


7 


IIB 


19.0 


19 


4 


12B 


17.0 


16 


5 
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As shown in Table 3, in the comparative batteries 5B 
and 6B, a great amount of decomposition gas was observed as a 
result of decomposition of GBL on the negative electrode. 
Also in the comparative batteries 93 to 12B, a great amount of 
decomposition gas was observed, indicating that PC or EC 
formed a film on the negative electrode so slowly that the 
film did not sufficiently suppress the decomposition of GBL. 
In the batteries lA to 22A of Example 1 of the present 
invention, in comparison, it is considered that VC so rapidly 
decomposed and formed a film derived from a decomposed product 
on the negative electrode that it sufficiently suppressed the 
decomposition of GBL and a lactone- type solvent, greatly 
decreasing the amount of decomposition gas. 

The comparative batteries IB cind 2B were totally 
unable to be dischcirged at -20 *C since EC froze at the low 
temperature. Also in the comparative batteries 3 and 4 where 
EC and EMC were contained, the capacity maintenance rate under 
a low temperature condition was as low as 35%, although the 
electrolyte did not freeze at -20 "C. On the other hand, the 
batteries lA to 22A of Example 1 had highly excellent capacity 
maintenance rates under a low temperature condition, 
attributed to the very low solidifying points of GBL and the 
lactone-type solvent. 

Wien the comparative batteries 7B and 8B were 
exposed to a high temperature over a period of time, the 
polymerization reaction of VC was accelerated on the negative 
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electrode to foxro an excessive film, which presiamably 
prevented smooth intercalation and deintercalation of lithium 
ions into cind from the negative electrode, causing a very low 
capacity maintenance rate after storage at a high temperature. 
The batteries lA to 4A and 13A to 22A of Example 1, in 
compeirison, had highly excellent capacity maintenance rates 
after storage at a high temperature since EC or PC suppressed 
the polymerization reaction of VC at a high temperature 
condition. Furthermore, it was found that containment of a 
linecir carbonic acid ester such as EMC or DMC in the non- 
aqueous electrolyte, as done in the batteries 5A to 12A of 
Example 1, was effective to decrease the viscosity of the non- 
aqueous electrolyte so as to further improve the capacity 
maintenance rate under a low temperature condition. 

It was found from the above results that: a non- 
aqueous electrolyte secondary battery, having excellent charge 
and discharge characteristics at a low temperature and showing 
satisfactory charge and discharge characteristics even after 
the battery is exposed to a high temperature over a period of 
time, can be realized, by using an electrolyte comprising a 
non-aqueous solvent and a solute dissolved in the non-aqueous 
solvent, wherein the non-aqueous solvent comprises a cyclic 
carboxylic acid ester (A) , a cyclic carbonic acid ester having 
at least one carbon -ceirbon xmsaturated bond (B) cind a cyclic 
carbonic acid ester having no carbon- carbon unsaturated bond 
(C). 
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Example 2 

Because of extremely rapid polymerization reaction 
of vinylene Ccorbonate (VC) on the negative electrode, addition 
of an excessive amount of VC possibly causes the formation of 
an excessive film, which deteriorates the low temperature 
chciracteristics . The content of VC in the non-agueous solvent 
was therefore studied. 

Batteries IC to 7C were produced in the same manner 
as the battery 2A of Example 1, except that the content of VC 
in the non-agueous solvent was Vciried as shown in Table 4. T- 
butyrolactone (GBL) as the cyclic carboxylic acid ester (A) , 
propylene carbonate (PC) as the cyclic carbonic acid ester 
having no carbon- carbon unsaturated bond (C) and LiBF4 as the 
solute were used; the content of PC in the non- aqueous 
solvent was 1% by volume and the concentration of LiBF4 in the 
non-agueous electrolyte was 1.25 mol/1. 

The capacity maintenance rates of the resultant 
batteries IC to 7C under a low temperature condition were 
assessed in the same manner as above in Example 1. The 
results were shown in Table 5. 



Table 4 



Battery 


Cyclic carboxylic 
add ester (A) 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
acid ester (C) 


Linear carbonic 
acid ester (D) 


Solute 


Solute concentration 
(mom) 


IC 


GBL98.9Vol% 


VC0.1Vol% 


PC lVol% 




LiBF4 


1.25 


2C 


GBL98.5Vol% 


VC 0.5Vol% 


PC lVol% 




LiBF4 


1.25 


3C 


GBL98Vol% 


VClVol% 


PC lVoI% 




LiBF4 


1.25 


4C 


GBL94Vol% 


VC 5Vol% 


PC lVol% 




LiBF4 


1.25 


5C 


GBL89Vol% 


VC 10Vol% 


PC lVol% 




LiBF4 


1.25 


6C 


GBL79Vol% 


VC 20Vol% 


PC lVol% 




LiBF4 


1.25 


7C 


GBL69Vol% 


VC 30Vol% 


PC lVol% 




LiBF4 


1.25 
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Table 5 



Battery 


Capacity maintenance rate under a low temperature condition (%) 


IC 


Unable to be charged and discharged 


2C 


61 


3C 


71 


4C 


72 


5C 


65 


6C 


60 


7C 


42 



As shown in Table 5, not enough film was formed to 
suppress the reductive decomposition of GBL when the content 
of VC in the non-agueous solvent was 0.1% by volvmie, and the 
charge eind discharge reaction did not proceed sufficiently 
even at an ordinary temperature. VThen the content of VC in 
the non-aqueous solvent was 30% by volume, on the other hand, 
a film was excessively formed on the negative electrode due to 
the reductive decomposition of VC, thereby decreasing the 
capacity maintenance rate at a low temperature. Accordingly, 
the appropriate content of VC is from not less than 0.5% to 
not more than 20% by volume in the non- aqueous solvent, and 
preferably from not less than 1% to not more than 10% by 
voliome in the non-aqueous solvent, with which the batteries 
had satisfactory low temperature characteristics. 

Example 3 

Next, the content of propylene carbonate (PC) or 
ethylene carbonate (EC) in the non-aqueous solvent was studied. 
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Batteries ID to 18D were produced in the same manner 
as the battery 2A or 4A of Example 1, except that the content 
of PC or EC in the non-aqueous solvent was varied as shown in 
Table 6, T -butyrolactone (GBL) as the cyclic carboxylic acid 
ester (A), vinylene carbonate (VC) as the cyclic carbonic acid 
ester having at least one carbon -ccurbon unsatiirated bond (B) 
and LiBF4 as the solute were used; the content of VC in the 
non- aqueous solvent was 2% by volume and the concentration of 
LiBF4 in the non-aqueous electrolyte was 1.25 mol/1. 

The capacity maintenance rates of the resultant 
batteries ID to 18D under a low temperature condition and the 
capacity maintenance rates of the same after storage at a high 
temperature were assessed in the same manner as above in 
Example 1. The results were shown in Table 7. 
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Table 6 



tration 






































concern 


? in 

; ^ 


in 

r- i 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


Solute 1 






































Solute 


PC 


PC 

t — 


PC 


PC 


PC 


PC 


p: 


g 


PC 


PC 


g 


p: 


PC 


PC 


a 


fZ 

a 


PC 


PC 


Linear carbonic 
acid ester (D) 












































































Cyclic carbon: 
acid ester (C] 


PC0.1Vol% 


PC0.5Vol% 


PC lVol% 


PC5Vol% 


PC 10Vol% 


PC20Vol% 


PC 30Vol% 


PC40Vol% 


PC50Vol% 


EC 0.1Vol% 


EC0.5Vol% 


EC lVol% 


EC 5Vol% 


EC 10Vol% 


EC 20Vol% 


EC 30Vol% 


EC 40Vol% 


EC 50VoI% 


Cyclic carbonic 
acid ester (B) 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC 2vol% 


VC 2vol% 


VC 2vol% 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC2vol% 


1 

o 
> 


VC2vol% 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC2vol% 


VC 2vol% 


VC 2vol% 1 


Cyclic carboxylic 
acid ester (A) 


GBL97.9Vol% 


GBL97.5Vol% 


GBL97Vol% 


GBL93Vol% 


GBL88Vol% 


GBL78Vol% 


GBL68Vol% 


GBL58Vol% 


GBL48Vol% 


I GBL97.9Vol% 


GBL97.5Vol% 


GBL97Vol% 


GBL93Vol% 


GBL88Vol% 


GBL78Vol% 


GBL68Vol% 


oO 
lO 

PQ 

a 


GBL48Vol% 


Battery 


Q 


2D 


3D 


4D 


5D 


6D 


P 


8D 


9D 


Q 
o 
1— 1 


IID 


Q 

f-H 


Q 

CO 
r-H 


Q 


Q 
in 


Q 

>— 1 


Q 

r-H 


Q 

OO 
r-l 
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Table 7 





Capacity maintenance rate under a 
low temperature condition (%) 


Capacity maintenance rate after 
storage at a high temperature (%) 


ID 


74 


72 


2D 


73 


77 


3D 


73 


84 


4D 


72 


85 


5D 


70 


81 


6D 


65 


78 


7D 


51 


75 


8D 


45 


70 


9D 


35 


50 


lOD 


72 


70 


IID 


72 


79 


12D 


70 


85 


13D 


69 


84 


14D 


68 


80 


15D 


65 


78 


16D 


51 


74 


17D 


44 


71 


18D 


30 


65 



As shown in Table 7, relatively good capacity 
maintenance rates after storage at a high temperattire were 
obtained even when the content of PC or EC in the non-aqueous 
solvent was 0.1% by volume. When the content of PC or EC in 
the non- aqueous solvent was 50% by volume, however, the 
capacity maintenemce rate after storage at a high temperature 
decreased on a large scale. This is presumably because, as 
the amount of PC became relatively Icurge compared to the 
amount of VC, VC insufficiently formed a film on the surface 
of the negative electrode, leading to the decomposition of PC. 
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Moreover, in the case of the content of EC being 50% by volume 
in the non-agueous solvent, the low temperature 
characteristics were deteriorated considerably. This is 
presumably because the conductivity of the electrolyte at a 
low temperature decreased, and the capacity maintenance rate 
also dropped. It was found from these result that: relatively 
satisfactory characteristics are obtained when the content of 
PC or EC in the non- aqueous solvent is from not less than 0.1% 
to not more than 40% by volume; preferable content of PC or EC 
in the non-aqueous solvent is from not less thein 0.1% to not 
more than 30% by volume, and particularly from not less them 
0.1% to not more than 20% by volume. 

Example 4 

Next, the content of the liner carbonic acid ester 
(D) in the non-aqueous solvent was studied. 

Batteries IE to 7E were produced in the same manner 
as in Example 1 , except that the non -aqueous electrolytes , the 
compositions of which were shown in Table 8, were used. T- 
butyrolactone (GBL) as the cyclic carboxylic acid ester (A), 
vinylene carbonate (VC) as the cyclic carbonic acid ester 
having at least one carbon -carbon unsaturated bond (B), 
ethylene ceirbonate (EC) as the cyclic carbonic acid ester 
having no carbon-carbon unsaturated bond (C), diethyl 
carbonate (DEC) as the linear carbonic acid ester (D) cind 
LiBF4 as the solute were used. The contents of VC and EC in 
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the non- aqueous solvent were 2% and 20% by volume^ 
respectively, the concentration of LiBF4 in the non-aqueous 
electrolyte was 1 mol/1, and the content of DEC in the non- 
aqueous solvent weus varied in the range of 1 to 60% by volume, 
whereas the content of GBL was varied along with the DEC 
content • 

The capacity maintenance rates of the resultant 
batteries IE to 7E under a low temperature condition and the 
capacity maintenance rates of the same after storage at a high 
temperature were assessed in the same manner as above in 
Example 1 . The results were shown in Table 9 . 



Table 8 



Battery 


Cyclic carboxybc 
acid ester (A) 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
acid ester (C) 


Linear carbonic 
acid ester (D) 


Solute 


Solute concentration 
(mol/D 


IE 


GBL 18Vol% 


VC 2vol% 


EC 20Vol% 


DEC 60Vol% 


LiBF4 




2E 


GBL28Vol% 


VC 2vol% 


EC20Vol% 


DEC 50VoI% 


IiBF4 




3E 


GBL48Vol% 


VC2vol% 


EC 20VoI% 


DEC 30Vol% 


LiBF4 




4E 


GBL58Vol% 


VC 2vol% 


EC 20Vol% 


DEC 20Vol% 


LiBF4 




5E 


GBL68Voi% 


VC2vol% 


EC 20VoI% 


DEC 10Vol% 


LiBF4 




6E 


GBL73Vol% 


VC 2vol% 


EC 20Vol% 


DEC 5VoI% 


LiBF4 




7E 


GBL77Vol% 


VC 2vol% 


EC 20Vol% 


DEC lVol% 


LiBF4 





Table 9 



Battery 


Capacity maintenance rate under a 
low temperature condition (%) 


Capacity maintenance rate after 
storage at a high temperature (%) 


IE 


60 


68 


2E 


63 


77 


3E 


65 


85 


4E 


72 


83 


5E 


71 


81 


6E 


70 


80 


7E 


67 


79 
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In Table 9, there seen a tendency that when the 
content of DEC in the non- aqueous solvent was from not less 
than 1% to not more than 20% by volume, both the capacity 
maintenance rate at a low temperature and the capacity 
maintenance rate after storage at a high temperature rose as 
the content of DEC increased and the content of GBL decreased. 
When the content of DEC was from not less than 30% to not more 
than 60%, however, the capacity maintenance rate at a low 
temperature dropped. 

When the content of DEC in the non-aqueous solvent 
was from not less thcin 1% to not more than 30% by volume, the 
capacity maintenance rate after storage at a high temperature 
tended to rise as the content of DEC increased and the content 
of GBL decreased. When the content of DEC in the non -aqueous 
solvent was from not less than 50% to not more than 60% by 
volume, however, the capacity maintenance rate after storage 
at a high temperature tended to drop as the content of DEC 
increased and the content of GBL decreased. This is 
presumably because excessive containment of DEC in the non- 
aqueous electrolyte caused some sort of side effect when the 
battery was stored to deteriorate the battery characteristics. 
It is to be noted that when the content of DEC in the non- 
aqueous solvent was less than 0.1% by volume, there was almost 
no improvement observed in the battery characteristics. Hence, 
the content of DEC in the non -aqueous solvent is preferably 
50% by volume or less, more preferably from not less than 0.1% 
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to not more than 30% by volume, and most preferably from not 
less than 0.1% to not more than 20% by volume. 

Example 5 

Subsequently, the case of using LiPFs and LiBF4 
together as the solute of the non-agueous electrolyte was 
studied. 

As shown in Table 10, 7 -butyrolactone (GBL) , 
vinylene carbonate (VC), ethylene carbonate (EC) and diethyl 
carbonate (DEC) were mixed at a volume ratio of 68:2:20:10 to 
be used as the non-agueous solvent- The mole ratio of LiPFe 
and LiBF4 was varied such that the total concentration of LiPFe 
cind LiBF4 in the electrolyte was to be 1 mol/1. Except that, 
batteries IF to 5F were produced in the same manner as in 
Example 1. Here, it is noted that: the battery 5F was 
identical to the battery 5E of Example 4. 



Table 10 



Batteiy 


Cyclic carboxylic 
acid ester (A) 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
add ester (C) 


Linear carbonic 
acid ester (D) 


Solute and Solute concentration 
(molA) 


IF 


GBL68Vol% 


VC2vol% 


EC20Vol% 


DEC lOVol% 


LiPFe lmol/1 


2F 


GBL68Vol% 


VC2vol% 


EC 20Vol% 


DEC 10Vol% 


LiPFs 0.9mol/l + IiBF4 0. lmol/1 


3F 


GBL68Vol% 


VC2vol% 


EC20Vol% 


DEC 10Vol% 


liPFs 0.5mol/l+UBF4 0.5mol/l 


4F 


GBL68VqI% 


VC2vol% 


EC20Vol% 


DEC 10VoI% 


liPFe 0. lmol/1 + LiBF4 0.9mol/l 


5F(5E) 


GBL68Vol% 


VC2vol% 


EC 20Vol% 


DEC 10Vol% 


LiBF4 lmol/1 



Evaluation of Batteries Part 2 

The following were characteristics of the resultant 
batteries IF to 5F measured here. The results were shown in 
Table 11. 
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( i ) Capacity maintenance rate of the batteries after storage 
at a high temperature: 

The capacity maintenance rates of the batteries 
after storage at a high temperature were measured in the same 
meinner as in Example 1 
( il ) Cycle life : 

The charge and discharge cycle of the batteries was 
repeated emd a cycle number, at which 50% of the capacity at 
the third cycle was measured, was tcJcen as a cycle life. 

The batteries were chearged at a constant current and 
voltage in the condition that a fixed ambient temperature was 
20 "C, a fixed celling voltage was 4.2 V, a maximum current was 
1050 mA cind the charging lasted 2.5 hours. The batteries thus 
chcirged were discharged at a discharge current of 1500 mA at 
an ambient temperattire of 20 *C until the voltage reached 3.0 V. 
(iii) Amount of gas generated after the cycles: 

The amount of gas generated in the batteries having 
reached the cycle life thereof in Evaluation ( ii ) above . 



Table 11 



Battery 


Capacity maintenance rate after 
storage at a high temperature (%) 


Cycle life 


Gas amount after 
cycles (ml) 


IF 


84 


300 


2.3 


2F 


84 


580 


2.0 


3F 


83 


750 


2.2 


4F 


82 . 


450 


2.5 


5F 


81 


500 


3.0 
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As shown in Table 11, the higher the mixing ratio of 
LiPFe, the higher the capacity maintenance rate after storage 
at a high temperature. The longest cycle life was obseirved 
when the mixing ratio of LiPFg and LiBF4 was 1:1. The amount of 
gas generated after the cycles was smallest when the mixing 
ratio of LiPFe and LiBF4 was 9:1. 

Example 6 

Next, the case of using a non-agueous electrolyte 
containing vinylene carbonate (VC) alone and the case of using 
a non-aqueous electrolyte containing VC and vinylethylene 
carbonate (VEC) as the cyclic carbonic acid ester having at 
least one carbon-carbon unsaturated bond (B), were studied. 

Herein the non- aqueous electrolytes, the 
compositions of which were shown in Table 12, were used. As 
the non-aqueous solvents, one obtained by mixing T- 
butyrolactone (GBL) , VC, ethylene carbonate (EC) and diethyl 
carbonate (DEC) at a volume ratio of 68:2:20:10 and the other 
obtained by mixing GBL, (VC+VEC), EC and DEC at a volume ratio 
of 67: (2+1) : 20: 10 were used. LiBF4 was used as the solute and 
the concentration of LiBF4 in the electrolyte was 1 mol/1. 
Except that, batteries IG to 2G were produced in the same 
manner as in Example 1. Here, it is noted that: the battery 
2G was identical to the battery 5E of Example 4. 
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Table 12 



Battery 


Cyclic carboxylic 
acid ester 0^ 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
acid ester (C) 


Linear carbonic 

acid ester (D) 


Solute 


Solute concentration 
(mol/D 


IG 


GBL67Vol% 


VC 2vol% + VEC lVol% 


EC 20Vol% 


DEC 10Vol% 


LiBF4 


1 


2G(5E) 


GBL68Vol% 


VC 2vol% 


EC20Vol% 


DEC 10Vol% 


LiBF4 


1 



The amount of gas generated in the resultant 
batteries IG cind 2G after the cycles were measured in the same 
manner as in Example 5. The results were shown in Table 13. 



Table 13 



Battery 


Gas amount after cycles (ml) 


IG 


1.9 


2G 


3.0 



As shown in Table 13, the amount of gas generated 
was 3.0 ml when VEC was not contained in the non- aqueous 
electrolyte, while the amount of gas generated was 1.9 ml when 
VEC was contained in the non-aqueous electrolyte. It is found, 
therefrom, that using VC smd VEC together is effective for 
reducing the amount of gas generated after the cycles. 

Example 7 

Next, the effectiveness in the case of using a non- 
aqueous electrolyte containing cyclohexylbenzene ( CHB ) , 
biphenyl (BP) or diphenyl eter (DPE) as an additive against 
the overcharging was studied. 

Herein the non- aqueous electrolytes, the 
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composltlons of which were shown in Table 14, were used. As 
the non- aqueous solvents, one obtained by mixing T- 
butyrolactone (GBL) , vinylene carbonate (VC) , ethylene 
carbonate (EC), diethyl carbonate (DEC), and either of CHB, BP 
cind DPE at a volume ratio of 65:2:20:10:3 and the other 
obtained by mixing GBL, VC, EC and DEC at a volume ratio of 
68:2:20:10 were used. LiBF4 was used as the solute and the 
concentration of LiBF4 in the electrolyte was 1 mol/1. Except 
that, batteries IH to 4H were produced in the same manner as 
in Example 1. Here, it is noted that: the battery 4H was 
identical to the battery 5E of Example 4. 



Table 14 



Battery 


Cyclic carboxylic 
acid ester (A) 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
acid ester (C) 


Linear carbonic 
acid ester (D) 


Benzene 
delivative 


Solute 


Solute concentration 
(moLT) 


IH 


GBL65Vol% 


VC 2vol% 


EC 20Vol% 


DEC 10Vol% 


CHB 3Vol% 


LiBF4 


1 


2H 


GBL65Vol% 


VC 2\'ol% 


EC 20Vol% 


DEC 10Vol% 


BP3Vol% 


LiBF4 


1 


3H 


GBL 65Vol% 


VC 2vol% 


EC 20Vol% 


DEC 10Val% 


DPE 3 Vol% 


LiBF* 


1 


4H(5E) 


GBL68Vol% 


VC 2vol% 


EC 20Vol% 


DEC 10Vol% 




LiBF4 


1 



Evaluation of Batteries Part 3 

The following were characteristics of the resultant 
batteries IH to 4H measured here. 
( i ) Shutdown temperature: 

After the charge and discharge cycle was repeated 
three times, the batteries were overcharged at a current of 
1500 mA to measure a temperature of the battery surface at 
which a shutdown (a phenomenon that a separator was clogged to 
shut down a current flow) occurred* 
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It is to be noted that in the charge and discharge 
cycle the batteries were charged at a constant current and 
voltage in the condition that a fixed ambient temperature was 
20 *C, fixed ceiling voltage was 4.2 V, a maximum current was 
1050 mA and the charging lasted 2.5 hours. The batteries thus 
charged were discharged at a dischcirge current of 1500 mA at 
an ambient temperature of 20 *C until the voltage reached 3.0 V. 
The results were shown in Table 15. 



Table 15 



Battery 


Shutdown temperature CC) 


IH 


70 


2H 


71 


3H 


73 


4H(5E) 


80 



As shown in Table 15, the temperature at which the 
shutdown occurred was 80 when the additive against the 
overcharging was not contained in the non-aqueous electrolyte, 
while that was 70 w:hen CHB was contained in the non-aqueous 
electrolyte, that was 71 *C when BP was contained in the non- 
aqueous electrolyte and that was 73 when DPE was contained 
in the non-aqueous electrolyte. It was foxind, therefrom, that 
containment of CHB, BP or DPE in the non- aqueous electrolyte 
allows obtainment of safer battery characteristics. 

Example 8 

Then, five types of batteries comprising as the 
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positive electrode active material thereof LixCoo.95Mgo.05O2, 
Li1Coo.90Nio.05Mgo.05O2, Li1Coo.90Alo.05Mgo.05O2. Li1Coo.90Mno.05Mgo.05O2 and 
LiCo02, respectively, were produced, and the characteristics 
thereof were compared. 

The following method was used to synthesize 
Li1Coo.95Mgo.05O2: 

An aqueous solution containing 0.95 mol/1 of cobalt 
sulfate and 0.05 mol/1 of magnesium sulfate was successively 
provided to a reaction vessel into which sodium hydroxide was 
then dropped such that pH of water was from 10 to 13, to 
synthesize a precursor of the active material. This resulted 
in the obtainment of a hydroxide composed of Coo.95Mgo.05 (OH) 2. 

The obtained precursor and lithium carbonate were 
mixed such that the molcur ratio of lithium, cobalt and 
magnesium was 1:0.95:0.05, and the mixture was temporeurily 
calcinated at 600 for 10 hours and pulverized. The 
pulverized calcinated matter was again calcinated at 900 *C for 
another 10 hours, which was pulverized and then sieved to give 
the positive electrode active material represented by the 
chemical formula Li1Coo.95Mgo.05O2- Batteries II and 21 were 
produced in the same manner as in Example 1, except that the 
obtained Li1Coo.95Mgo.05O2 was used as the positive electrode 
active material. 

Li1Coo.90Nio.05Mgo.05O2 was prepared in the same manner 
as Li1Coo.95Mgo.05O2, except that a hydroxide composed of 
Coo.9oMgo.o5Nio.o5(OH)2 was synthesized as the precursor, which was 




mixed with lithium carbonate such that the molar ratio of 
lithium, cobalt, magnesium and nickel was 1:0.90:0.05:0.05. 
Batteries 31 and 41 were produced in the same manner as in 
Example 1, except that the obtained Li1Coo.90Nio.05Mgo.05O2 was 
used as the positive electrode active material. 

Li1Coo.90Alo.05Mgo.05O2 was prepared in the same manner 
as Li1Coo.95Mgo.05O2, except that a hydroxide composed of 
Coo.9oMgo.o5Alo.o5(OH)2 was synthesized as the precursor, which was 
mixed with lithium carbonate such that the moleir ratio of 
lithium, cobalt, magnesium and alimiinum was 1:0.90:0.05:0.05. 
Batteries 51 and 61 were produced in the same manner as in 
Example 1, except that the obtained Li1Coo.90Alo.05Mgo.05O2 was 
used as the positive electrode active material. 

LiiCoo.9oMno.o5Mgo,o502 was prepared in the same manner 
as Li1Coo.95Mgo.05O2, except that a hydroxide composed of 
Coo.90Mgo.05Mno.05 (OH) 2 was synthesized as the precursor, which was 
mixed with lithium carbonate such that the molar ratio of 
lithium, cobalt , magnesium and manganese was 1:0.90:0.05:0.05. 
Batteries 71 and 81 were produced in the same manner as in 
Example 1, except that the obtained Li1Coo.90Mno.05Mgo.05O2 was 
used as the positive electrode active material. 

Likewise , batteries 91 cind 101 were produced using 

LiCo02. 

Herein the non-aqueous electrolytes, the 
compositions of which were shown in Table 16, were used. As 
the non- aqueous solvent, one obtained by mixing T- 
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butyrolactone (GBL), vinylene carbonate (VC) , ethylene 
carbonate (EC) and diethyl carbonate (DEC) at a volime ratio 
of 68:2:20:10 and the other obtained by mixing EC and DEC at a 
volume ratio of 25:75 were used. LiBF4 was used as the solute 
and the concentration of LiBF4 in the electrolyte was 1 mol/1. 



Table 16 



Battery 


Cyclic carboxylic 
acid ester (A) 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
acid ester (C) 


Linear carbonic 
acid ester (D) 


Additional 
element 


Solute 


Solute concentration 
(mol/D 


11 


GBL68Vol% 


VC 2vol% 


EC 20Vol% 


DEC 10Vol% 


Mg 


LiBF4 




21 






EC 25Vol% 


DEC 75Vol% 


Mg 


LiBF4 




31 


GBL68VoI% 


VC2voI% 


EC 20Vol% 


DEC 10Vol% 


NiMg 


LiBF4 




41 






EC 25Vol% 


DEC 75Vol% 


NiMg 


LiBF4 




51 


GBL68Vol% 


VC 2vol% 


EC 20VoI% 


DEC 10Vol% 


AlMg 


LiBF4 




61 






EC 25Vol% 


DEC 75Vol% 


MMg 


LiBF4 




71 


GBL68Vol% 


VC 2vol% 


EC 20Vol% 


DEC 10Vol% 


Mn, Mg 


LiBF4 




SI 






EC 25Vol% 


DEC 75Vol% 


Mn. Mg 


LiBF4 




9I(5E) 


GBL68Vol% 


VC2\'ol% 


EC 20Vol% 


DEC 10Vol% 




LiBF4 




101 






EC25Vol% 


DEC 75Vol% 




LiBF4 





The capacity maintenance rates of the resultant 
batteries II to 101 (the battery 91 was identical to the 
battery 5E of Example 4) under a low temperature condition 
were assessed in the same manner as Evaluation ( ii ) of Example 1, 
and the cycle life of each batteiY was assessed in the same 
manner as Evaluation ( ii ) of Example 5 . 
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Table 17 



Battery 


Capacity maintenance rate under a 
low temnpratufp ronrlitinn (^Ai) 


Cycle life 


11 


81 




21 


48 




31 


80 


650 


41 


47 


505 


51 


82 


640 


61 


49 


495 


71 


83 


635 


81 


50 


485 


91 


71 


500 


101 


33 


450 



As seen from Table 17, the discharge characteristics 
under a low temperature condition in the cases of using the 
active material containing Mg or the like for the positive 
electrode were superior to those in the cases of using LiCoOa 
for the positive electrode. And in any positive electrode, 
the cycle life of a battery in the case of using the mixture 
of GBL, VC, EC and DEC for the electrolyte was superior to 
that in the case of usinig the mixtiare of EC and DEC for the 
electrolyte . 



Example 9 

Next, the case where a non-aqueous electrolyte 
comprises a glime was studied. 

Herein the non- aqueous electrolytes, the 
compositions of which were shown in Table 18, were used. As 
the non-aqueous electrolytes , one obtained by mixing 7 - 
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butyrolactone ( GBL ) , VC , ethylene carbonate ( EC ) and the glime 
at a volume ratio of 68:2:20:10 and the other obtained by 
mixing GBL, VC and EC at a volume ratio of 78:2:20 were used. 
LiBF4 was used as the solute and the concentration of LIBF4 in 
the electrolyte was 1 mol/1. Diglime, triglime or tetragllme 
was used as the glime. Except that, batteries IJ to 4 J were 
produced in the same manner as in Example 1. 



Table 18 



Battery 


Cyclic carboxylic 
acid ester (A) 


Cyclic carbonic 
acid ester (B) 


Cyclic carbonic 
acid ester (C) 


Linear carbonic 
add ester (D) 


Glime (E) 


Solute 


Solute concentration 
(mol/0 


IJ 


GBL68Vol% 


VC 2\'ol% 


EC 20Vol% 




Diglime 10Vol% 


UBF4 


1 


2J 


GBL68Vol% 


VC 2vol% 


EC 20Vol% 




TrigUme 10Vol% 


LaBF* 


1 


3J 


GBL68Vol% 


VC 2vol% 


EC 20Vol% 




Tfetraglime 10Vol% 


LiBF4 


1 


4J 


GBL78Vol% 


VC 2vol% 


EC 20Vol% 






IiBF4 


1 



The capacity maintenance rates of the resultant 
batteries IJ to 4J after storage at a high temperature were 
measured in the same manner as Example 1. The results were 
shown in Table 19. 



Table 19 



Battery 


Capacity maintenance rate after storage at a high temperature (%) 


IJ 


80 


2J 


81 


3J 


83 


4J 


76 



As shown in Table 19 , in the case that the non- 
aqueous electrolyte comprises no glime, the capacity 
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maintenance rate after storage of the battery is 76%. On the 
other hand, in the case that the non- aqueous electrolyte 
comprises diglime, the capacity maintenance rate after storage 
of the battery is 80%; in the case that the non-aqueous 
electrolyte comprises triglime, the capacity maintenance rate 
after storage of the battery is 81%; and in the case that the 
non-aqueous electrolyte comprises tetraglime, the capacity 
maintenance rate after storage of the battery is 83%, all 
indicating the improved characteristics. 

It should be noted that while in the present 
examples only a part of compounds were described in terms of 
cyclic carboxylic acid esters (A) , cyclic carbonic acid esters 
having at least one carbon -carbon unsaturated bond (B) , and 
cyclic carbonic acid esters having no carbon- carbon 
unsaturated bond (C) , other compounds than what were described 
have had similar effects, eind therefore, the present invention 
is not limited to the examples thus described. 

In the present invention, as above described, the 
use of a non-aqueous electrolyte comprising a non-aqueous 
solvent and a solute dissolved therein, wherein the non- 
aqueous electrolyte comprises the cyclic ceurboxylic acid ester 
(A) , the cyclic carbonic acid ester having at least one 
carbon-carbon unsaturated bond (B), the cyclic Ccorbonic acid 
ester having no carbon- carbon unsaturated bond (C) allows: the 
cyclic carbonic acid ester (B) to suppress the reductive 
decomposition of the cyclic carboxylic acid ester (A) by 
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forming a close and strong film on the negative electrode; and 
the cyclic carbonic acid ester (C) to suppress the excessive 
formation of a film by the cyclic carbonic acid ester (B) even 
when the battery is exposed to a high temperature over a 
period of time. As a result, a non-aqueous electrolyte 
secondary battery, having excellent charge and discharge 
characteristics at a low temperature and showing satisf actoary 
cheorge and discharge characteristics even after the battery is 
stood still under a high temperatxare condition over a period 
of time, can be realized. 

Although the present invention has been described in 
terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alternations and modifications will no 
doubt become apparent to those skilled in the art to which the 
present invention pertains, after having read the above 
disclosure. Accordingly, it is intended that the appended 
claims be interpreted as covering all alternations and 
modifications as fall within the true spirit and scope of the 
invention. 



